Introduction
Tris(acetylacetonato)ruthenium(III), Ru(acac) 3 , belongs to a wide series of typical M(acac) 3 complexes which have been intensively studied by physical techniques since they are representative in their properties of many complexes [1] . Recently, single-crystal X-ray structure determinations at room and lower temperatures for Ru(acac) 3 , together with powder neutron diffraction experiments, have provided auxiliary data allowing magnetic structures/factors to be deduced from the polarized neutron diffraction experiments [2] . From the view point of synthetic chemistry, Ru(acac) 3 has proven to be a versatile precursor for a variety of organometallic complexes [3−6] . For example, catalytic hydrogen reduction of Ru(acac) 3 gave the diacetonitrile-bis(β -diketonato)ruthenium(II) complex [Ru II (acac) 2 (CH 3 CN) 2 ] [7] ; the acetonitrile ligands of the resulting species could be substituted by more electron-donating ligands, e. g., phosphines [8, 9] , pyridine [10−12] , o-aminoquinone [13] , and β -ketiminates [14] . The reaction of Ru(acac) 3 with an excess of diene in the presence of zinc as reducing agent afforded a series of pseudooctahedral Ru(acac) 2 (diene) complexes [6] . The reflux of [Ru II (acac) 2 (CH 3 CN) 2 ] in 2-methyl-2-propanol gave the novel diamagnetic tetranuclear β -diketonato ruthenium complex [Ru(µ-acac) 2 (µ 3 -O) 2 Ru 3 (acac) 6 ] [15] . Alcoholic solutions of Ru(acac) 3 were saturated by bubbling CO under radiolysis, leading to the isolation of the ruthenium(II) carbonyl complexes [Ru(acac) 2 (CO)L] (L = MeOH, EtOH or iPrOH) in which the alcohol molecules are readily displaced by stronger donors [16] . It is prospected that compounds [Ru(acac) 2 (CO)L] may be good precursors for a wide range of ruthenium(II) complexes containing oxygen, nitrogen or sulfur donor ligands. To further understand the ligand effect of Ru(acac) 3 owing to the delocalization of negative charge over five atoms in acac − , we were interested to investigate the reactivity of Ru(acac) 3 6 as supporting electrolyte and reported with reference to the ferrocenium-ferrocene couple (Cp 2 Fe +/0 ). In the −2.0 to +1.5 V region, a potential scan rate of 50 mV s −1 was used. Elemental analyses were carried out using a Perkin-Elmer 2400 CHN analyzer. [Ru II 
Synthesis of cis-
To a THF (10 mL) solution of Ru(acac) 3 (80 mg, 0.2 mmol) were added 2-CN-py (124 mg, 1.2 mmol) and zinc dust (1.0 g) under nitrogen. The reaction mixture was refluxed for 4 h, developing a bright-red color. The solvent was removed in vacuo, and the residue was extracted with CH 2 Cl 2 (3 × 5 mL) and filtered through a coarse funnel frit padded with celite. The resulting red solution was concentrated to ca. 1 mL. Column chromatography of the red concentrated solution on silica gel using CH 2 Cl 2 -hexane (1 : 9, v/v) as eluant gave a bright-red band, which was eluted and evaporated to dryness. The sticky residue was washed with diethyl ether to give pure cis- [ 
Synthesis of [Ru III (acac)Br 2 (3-Me-py) 2 ] (3)
To a THF (10 mL) solution of Ru(acac) 3 
Synthesis of [Ru III (acac)Br 2 (3,5-Me 2 -py) 2 ] (4)
The method was similar to that used for complex 3, employing 3,5-Me 2 -py (128 mg, 1. 
X-Ray crystallography
Crystallographic data and experimental details for cis- [ Table 1 . Intensity data were collected on a Bruker SMART APEX 2000 CCD diffractometer using graphite-monochromatized MoK α radiation (λ = 0.71073Å) at 296(2) K. The collected frames were processed with the software SAINT [18] . The data were corrected for absorption using the program SADABS [19] . The structures were solved by Direct Methods and refined by full-matrix least-squares on F 2 using the SHELXTL software package [2, 21] . All non-hydrogen atoms were refined anisotropically. The positions of all hydrogen atoms were generated geometrically (C sp 3 −H = 0.97 and C sp 2 −H = 0.93Å), assigned isotropic displacement parameters, and allowed to ride on their respective parent carbon or nitrogen atoms before the final cycle of least-squares refinement. The interstitial water molecules in 2· 1 / 3 NaBr·4.5H 2 O were anistropically refined without hydrogen atoms.
CCDC 917003−917006 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
The reaction of Ru(acac) 3 with an excess of the substituted pyridines and zinc as reducing agent in refluxing THF followed by chromatographic work-up of the initial product using a silica gel column resulted in the diamagnetic ruthenium(II) complexes cis-[Ru II (acac) 2 (2-CN-py) 2 ] (1) and cis-[Ru II (acac) 2 (3,5-Me 2 -py) 2 ] (2). One acac − ligand in the starting complex dissociated from the ruthenium atom, and two pyridine ligands coordinated to the ruthenium center, six-coordinated cis-complexes being formed. Although the solids of both complexes are air-stable for months, partial air oxidation of the solutions occurs over a period of hours and results in shifting and broadening of the NMR peaks due to the presence of paramagnetic ruthenium(III) species. Treatment of Ru(acac) 3 with an excess of the substituted pyridines in the presence of Br 2 in refluxing THF afforded the neutral paramagnetic ruthenium(III) complexes [Ru III Each of the cyclic voltammograms of complexes 1 and 2 shows one oxidation peak (E 1/2 = 0.82 V for 1, E 1/2 = − 0.42 V for 2) and one reduction peak (E 1/2 = 0.23 V for 1, E 1/2 = 0.47 V for 2), which are assigned to the Ru III -Ru II couple and ligandcentered oxidation, respectively. It is also noted that each of the cyclic voltammograms of complexes 3 and 4 reveals two reversible couples (E 1/2 = − 0.59 V and − 1.23 V for 3, E 1/2 = − 0.42 V and − 1.27 V for 4) assigned to the metal-centered oxidation of Ru IV -Ru III and the metal-centered Ru III -Ru II couple, respectively, which are shifted to negative potential compared with that of Ru(acac) 3 (oxidation: 0.60 V, reduction: − 1.16 V) [24] . All peaks are corresponding to reversible one-electron transfer processes [25] . This may reflect mainly the different redox sites between the reduction and the oxidation in [Ru(acac) 2 (Rpy) 2 ]/[Ru(acac)(Rpy) 2 ] 2+ moieties: a ligand acac-based electron transfer takes place in the reduction of Ru-acac-Rpy complexes, while the site of the oxidation is believed to be mainly the central ruthenium atom [26] .
In summary, the bis(acetylacetonato)ruthenium(II) complexes cis-[Ru II (acac) 2 (Rpy) 2 ] (Rpy = 2-CN-py (1), Rpy = 3,5-Me 2 -py (2)) and the mono(acetylacetonato)ruthenium(III) complexes [Ru III (acac)Br 2 (Rpy) 2 ] (Rpy = 3-Me-py (3), Rpy = 3,5-Me 2 -py (4)) with substituted pyridine ligands were synthesized and structurally characterized including spectroscopic and electrochemical analyses. Formation of complexes 1 and 2 involved the reduction of ruthenium(III) to ruthenium(II) by zinc as reducing agent. Isolation of complexes 3 and 4 involved the displacement of two acac − ligands in the starting complex by two pyridine molecules and two bromide anions at the [Ru(acac)] 2+ species. In previous reports on bis(acac)-ruthenium complexes, relatively few mono(acac)-ruthenium complexes such as 3 and 4 have been described. The catalytic properties of these ruthenium-acacpyridine complexes will be investigated in our laboratory.
